In studies of mild cognitive impairment (MCI) in Parkinson disease (PD), patients without dementia have reported variable prevalences and profiles of MCI, likely to be due to methodologic differences between the studies.
ously, a variety of definitions for MCI in PD have been used, based on the type and number of cognitive tests administered, and how impairment was defined. In addition, factors including study design, methodology, and the patient cohort included (communitybased vs clinic-based cohorts, prevalent vs incident samples) influenced the prevalence rate and the cognitive profile of patients with PD-MCI.
The aim of this study was to provide a more accurate estimate of the frequency and the profile of cognitive deficits in patients with PD without dementia by employing a common definition for MCI, and analyzing a large, pooled, multicenter cohort of welldefined patients using a standardized method for analysis. The large sample size was also expected to allow a more accurate estimate of PD-MCI in subgroups based on age, gender, and duration and stage of PD.
METHODS Participants. We invited centers that had reported on cognitive functions in relatively large and well-defined cohorts of patients with PD without dementia to participate in this project. Inclusion criteria were sample size Ͼ50 patients, standardized clinical criteria for the diagnosis of PD and the diagnosis (exclusion) of dementia, and the use of standardized neuropsychological tests with either available norms or inclusion of a control group. Of the 9 centers invited to participate, 7 responded positively and were included (table 1). The pooled data included 8 cohorts. For details regarding case selection and the other procedures, please see the original publications: South-Western Norway, 2 cohorts 4,5 ; New York, NY 6 ; Cambridge, UK 3 ; Newcastle, UK 7 ; Philadelphia, PA 8 ; and Barcelona, Spain. 9, 10 In addition, one de novo cohort from an outpatient clinic for movement disorders in Napoli, Italy, which has not yet been published, was included. For this cohort, consecutive patients with recently diagnosed PD at the Department of Neuroscience, University of Naples, Italy, were recruited. Patients were either referred by general practitioners or directly contacted the clinic themselves. Inclusion in this cohort required that duration of PD had to be less than 2 years, and familial parkinsonism was excluded.
Diagnosis of dementia.
Dementia was diagnosed based on cognitive testing, as well as a clinical interview or a standardized instrument to assess functional impairment due to cognitive dysfunction. The diagnosis of dementia was made according to DSM-IV criteria 11 in most cases, whereas in one cohort, the new criteria for dementia associated with PD were used. 12 In 2 cohorts, inclusion of patients without dementia was based on the Mini-Mental State Examination (MMSE), 13 excluding the bottom 25th age-and education-adjusted percentile on the MMSE 8 or those with a score Ͻ26 14 (table 1). Since the definitions of dementia varied across the centers, we also analyzed the proportion of patients with cognitive impairment in PD without dementia using a uniform definition (i.e., MMSE score Յ25) to estimate the presence of dementia in the 1,118 patients where MMSE score was available, along the lines recommended by the MDS Task Force. 15
Assessment of depression. Assessment of depression by
means of a standardized rating scale or a standardized diagnostic interview was performed at all centers (table 1) . When rating scales were used we applied the definition of a depressive disorder based on the recent recommendations. 16 The analyses for presence of MCI were performed twice, once including and once excluding patients with a depressive disorder.
Definition of MCI.
A variety of standardized neuropsychological tests were used across the different centers. These tests were allocated to 1 of the 3 cognitive domains: 1) attention/ executive function, 2) memory, or 3) visuospatial functions (table 2). In the event several tests were used for a domain, we chose tests with good psychometric properties, high quality of control data or norms, and minimal missing data. The Barcelona cohort The definition for cognitive impairment was based on performance in the 3 cognitive domains. For this purpose Z scores were calculated for each cognitive domain using the raw data provided by each site. The cognitive domain Z scores were the average Z scores of the tests included in that domain. For datasets with control groups, the Z scores for each test were calculated based on control group performance. In order to adjust for age, education, and sex of the individual patient, a multiple regression analysis was performed in the control group, employing the domain Z scores as dependent variables and age, sex, and education as independent variables as previously reported. 18 The resulting intercept and regression weights were then used to calculate expected cognitive domain scores for each patient and control. For datasets or individual tests lacking control data, published normative data were used to calculate Z scores, correcting for age and education where possible.
Patients with PD were classified as having MCI if the difference between the actual cognitive domain Z score and the expected score on at least 1 out of 3 cognitive domains was below Ϫ1.5 (i.e., similar to a score 1.5 standard deviations below the population mean) based on the comparison between patients and controls at each site. 18 Subjects with MCI were further clas-sified into 1 of the following 4 subtypes using a previously proposed algorithm 19 : 1) amnestic single-domain MCI (aMCI-SD); 2) amnestic multiple-domain MCI (aMCI-MD); 3) nonamnestic single-domain MCI (naMCI-SD); or 4) nonamnestic multiple-domain MCI (naMCI-MD).
Tests used to nominally assess attention or executive functions were merged for the purpose of this analysis, as some of the tests used either to assess attention or executive functions overlap in terms of the basic cognitive processes they involve. In addition, by increasing the number of tests in each domain, the reliability of the results for that domain increases. In an attempt to separate core attentional functions from the more complex executive functions, we also performed an additional analysis in which tests were allocated to one or the other function based on their face validity. Not all patients, however, had data on attention and executive function tests; therefore these subanalyses were performed in 691 and 1,229 patients. In case more than one test was performed, mean Z scores were calculated, yielding mean age-and education-corrected Z scores for these subdomains.
Statistical analyses.
Analyses were performed to calculate the proportion of patients with impairment in any cognitive domain, including 95% confidence intervals (CIs), using Vassar online program (http://faculty.vassar.edu/lowry/VassarStats.html). Comparisons between cohorts from different centers were made using one-way analysis of variance, Kruskal-Wallis, or 2 tests as appropriate. To identify clinical correlates of MCI, between-group comparisons were made using Student t test or 2 test. Variables Table 2 Overview of cognitive tests used to assess 3 cognitive domains that were significantly associated with MCI in the bivariate analysis were included in a subsequent multivariate logistic regression model, using the presence of MCI as the dependent variable and Unified Parkinson's Disease Rating Scale (UPDRS) motor score, center, depression, gender, and age as independent variables. To explore the potential effect of attentional impairment on memory we ran 2 multivariate linear regression models with memory Z score as the dependent variable. In the first model, only group was included as independent variable, and in the second model, attention/executive Z score was entered first and then followed by group. SPSS version 15.0 was used for these analyses and p Ͻ 0.05 was considered statistically significant. , p ϭ 0.003), even after adjusting for UPDRS motor score and disease duration in a logistic regression analysis ( p ϭ 0.007).
RESULTS
The lowest proportion was found in the incident, unmedicated, community-based cohort (18.9%; 14.0 -24.9), and the highest proportion was found in a prevalence-cohort with advanced PD (39.4%; 28.9 -51.1) (table 3) . Among the 3 cognitive domains, memory impairment was the most common deficit (13.3%; 11.6 -15.3), followed by visuospatial impairment (11.0%; 9.4 -13.0) and then attention/executive function impairment (10.1%; 8.6 -11.9). Impairment in only 1 of the 3 domains occurred in 19.5% (17.4 -21.7) of patients, 5.4% (4.3-6.8) had impairment in 2 domains, and 0.9% (0.5-1.6) in all 3 domains. The mean Z scores at each center are shown in table e-1 on the Neurology ® Web site at www.neurology.org. With regard to the MCI subtypes, 152 (11.3%; 9.7-13.1) had naMCI-SD, 112 (8.9%; 7.0 -9.9) had aMCI-SD, 65 (4.8%; 3.8 -6.1) aMCI-MD, and 18 (1.3%; 0.9 -2.1) had naMCI-MD. Although memory was the most commonly affected single domain, naMCI-SD was more common than aMCI-SD. Among the 152 subjects with naMCI-SD, 79 (52.0%) had attention/executive function impairment, and 54.8% (51 of 93 with visuospatial testing) had visuospatial impairment.
The separate analysis of attention and executive functions revealed that 9.6% and 9.4% of patients had impaired attentional and executive function scores, with a more impaired executive score (mean Z score Ϫ0.24, SD 0.8) compared to attention score (Ϫ0.04, 1.1) (t ϭ Ϫ4.3, df 581, p Ͻ 0.0005). Although there was a correlation between memory and attention/executive function Z scores (r ϭ 0.36, p Ͻ 0.0005), in a linear regression analysis an effect of group (i.e., PD vs NC) on memory performance was still evident after controlling for attention/executive function Z score in the model ( p Ͻ 0.0005).
Using the arbitrary definition of MMSE score Յ25 as the criterion to exclude patients with possible dementia, 25.3% (95% CI; 22.9 -27.9) of remaining patients were classified as having MCI, a figure very similar to the main analysis. The proportion with MCI differed between the centers ( 2 ϭ 21.4, df ϭ 6, p ϭ 0.002) also in this analysis.
Correlates of MCI.
Comparing patients with and without MCI, we found that MCI was associated with increasing age at the time of assessment and at disease onset, increasing duration of disease, severity of motor symptoms and disease stage, presence of depression, and lower proportion of dopamine agonist use (table 4). Within the MCI subtypes, there were no gender or age differences, whereas those with amnestic and nonamnestic multiple-domain MCI had more severe motor symptoms than those with single-domain MCI (1-way analysis of variance: F ϭ 6.5, p Ͻ 0.0005).
In the logistic regression analyses, UPDRS motor score ( p Ͻ 0.0005), center ( p ϭ 0.009), depression ( p ϭ 0.023), gender ( p Ͻ 0.05), and age ( p Ͻ 0.0005) remained independently associated with MCI, whereas the effects of use of dopamine agonists did not reach significance. Using Hoehn & Yahr stage instead of total UPDRS motor score as a measure of disease severity, Hoehn & Yahr was still significantly associated with MCI. Similarly, when age was replaced with age at onset, it was also significantly associated with MCI. However, when age was replaced by duration of disease, it was not significantly associated with MCI. DISCUSSION This analysis of a large database pooled from 8 different cohorts revealed that approximately one-quarter of patients with PD without dementia have impairment in at least 1 cognitive domain, defined as 1.5 times worse performance on Z scores, as compared to controls or normative data. Given the increased risk for more rapid cognitive decline and dementia in patients with PD with MCI, this finding highlights the importance of careful monitoring of cognitive functions in patients without dementia.
There were differences in the frequency of MCI across the centers, even after adjusting for possible confounders. Along with differences in methodology and the sensitivity of individual neuropsychological tests used, these differences may also be due to variations in patient populations: for instance, the lowest prevalence of MCI was found in the incident, unmedicated, community-based cohort (18.9%), which probably represents patients in the earliest stages of the disease.
The most common MCI subtype was nonamnestic, single-domain MCI (11.3%), followed by amnestic single-domain MCI (8.9%). However, across the different types of MCI, memory was the most commonly impaired domain (13.3%); Thus, memory impairment represents an important aspect of the early cognitive syndrome in PD, consistent with previous findings in patients with PD with dementia and in patients with PD without dementia.
The mechanism of the memory impairment (limbic type storage failure vs retrieval deficits) cannot be discerned from the current data. As has previously been pointed out, 20, 21 part of the memory impairment in PD may be secondary to impaired attention and executive dysfunction, although recent studies suggest that memory encoding may also be impaired in PD. 22, 23 Our analyses also confirmed memory was still impaired in PD even after adjusting for the effect of impaired attention/executive functioning. Impairment in attention/executive functions has been described to constitute one of the core impaired cognitive domains in the previous studies, as was the case also in this study. The separate analysis of attention and executive functions revealed that simpler attentional measures are relatively less impaired compared with more complex executive functions.
It has been recently suggested that frontal executive and posterior cortical cognitive syndromes in PD can be separable in terms of both their genetic basis and relationship to development of dementia. 3 The present results showed that impairment in attentional/executive tasks may not always be the predominant deficit in PD-MCI, highlighting the importance for future interventional studies to select instruments which adequately explore also posterior cortical functions. 24 MCI was significantly and independently associated with older age at assessment and disease onset, longer disease duration, more severe motor symptoms, more advanced disease stage, and lower overall cognition. Depression is common in PD, and depressed patients with PD have more cognitive impairment than nondepressed patients. 25 We also found that MCI was more common in depressed than nondepressed patients; the overall frequency of depression in both populations was, however, relatively low, suggesting that overall depression is not a major contributor to MCI in PD.
There are several limitations to our study. Dopaminergic drugs may affect cognitive functioning; only 2 of the cohorts in this analysis included un- medicated, de novo patients. However, the proportion with MCI in these 2 cohorts did not differ from the frequency in some of the cohorts which received dopaminergic medications. Second, the recruitment base and method were not homogeneous across the centers. The pooled cohort thus included patients without dementia at various stages of the disease, as well as prevalent and incident cohorts. On the other hand, inclusion of different cohorts in the analysis also constituted an advantage, as it allowed for the evaluation of a broader spectrum of patients without dementia. Third, different criteria for dementia were used across the various centers. As the proportion with MCI is influenced by the definition of dementia, a broader definition might include some patients in the more severe end of MCI being classified as dementia, whereas a more restrictive definition may leave these patients in the MCI group. We attempted to deal with this ambiguity by also using an arbitrary, yet uniform, criterion for dementia (i.e., MMSE score Յ25). In this subanalysis the proportion of patients with MCI was similar to the results of the main analysis, suggesting that the use of different dementia criteria did not meaningfully influence the results. Finally, the MCI definition used in this study was based entirely on cognitive testing. The original MCI definition requires presence of subjective cognitive complaints (preferably corroborated by a third party), objective evidence of impaired test performance, and lack of significant functional impairment. 26 Identifying reliable subjective cognitive impairment in patients with PD without dementia, however, has proven to be difficult. Studies exploring this feature have found both overreporting (i.e., patients with normal test scores reporting subjective impairment) and underreporting (i.e., patients with impaired scores reporting normal cognition). 18, 27 Hence, the presence or absence of subjective cognitive complaints was not included as part of the MCI definition in this analysis, also due to the lack of any universally accepted criteria for MCI in PD.
Since different tests were used in different cohorts, they were allocated to 3 broad cognitive domains and Z scores were calculated. This enabled us to combine data from different studies and explore main cognitive functions in a large sample size. With this approach, however, it was not possible to explore individual cognitive mechanisms (such as the mechanism of memory impairment) in more detail. Another shortcoming is a certain amount of missing data, particularly for the visuospatial assessment. This might have influenced our findings to some extent, in that MCI diagnosis might have changed from single to multiple domains or even from a nor-mal control to a single-domain MCI in some patients if more data were included.
There is a need to define standardized diagnostic criteria for MCI in PD, and future studies should further explore whether different subtypes of MCI have different underlying pathologies and risk for progression to dementia. Most importantly, since drug treatment can improve cognition in dementia associated with PD, 28, 29 clinical trials to explore whether these or other medications might improve cognitive deficits or delay the progression from MCI to dementia in PD are now a priority.
